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Impervious surface is a key indicator of the extent of urbanization within a given geographic area.Impervious surface is a key indicator of the extent of urbanization within a given geographic area.
Extensive impervious surface area can reduce quality of nearby waterways by increasing runoff volume,Extensive impervious surface area can reduce quality of nearby waterways by increasing runoff volume,
increasing peak flow rates, and reducing rainwater infiltration and pollutant filtering by subsurface flowincreasing peak flow rates, and reducing rainwater infiltration and pollutant filtering by subsurface flow
((Corbett Corbett et al., 1997).  Thus, relatively easily attained estimates of impervious surface area would allowet al., 1997).  Thus, relatively easily attained estimates of impervious surface area would allow
both a measure of urbanization and risk to receiving waters.  In comparison, vegetated surface area slowsboth a measure of urbanization and risk to receiving waters.  In comparison, vegetated surface area slows
runoff and traps pollutants better than open land.  Estimates of percent impervious surface, vegetated, andrunoff and traps pollutants better than open land.  Estimates of percent impervious surface, vegetated, and
open land, along with morphology of urban land use, where shape and density are key elements, can beopen land, along with morphology of urban land use, where shape and density are key elements, can be
measured and analyzed with the use of Remote Sensing and Geographic Information Systems (measured and analyzed with the use of Remote Sensing and Geographic Information Systems (GISGIS).).
NASA’s Airborne Terrestrial Applications Sensor (ATLAS) data were used to classify areas of NASA’s Airborne Terrestrial Applications Sensor (ATLAS) data were used to classify areas of MurrellsMurrells
Inlet, South Carolina into three land-cover classes:  impervious surfaces, open land, and vegetation.  TheInlet, South Carolina into three land-cover classes:  impervious surfaces, open land, and vegetation.  The
spectral range of ATLAS is 0.45 - 12.2 spectral range of ATLAS is 0.45 - 12.2 µµm and is displayed in 14 channels with a 3 meter (m) Groundm and is displayed in 14 channels with a 3 meter (m) Ground
Spatial Resolution (GSR).  The ATLAS data were rectified, transformed using Spatial Resolution (GSR).  The ATLAS data were rectified, transformed using ENVI’s ENVI’s PrincipalPrincipal
Components Analysis (PCA), classified using a parallelepiped classifier from ERDAS, Inc. Image AnalysisComponents Analysis (PCA), classified using a parallelepiped classifier from ERDAS, Inc. Image Analysis
extension for extension for ArcviewArcview, and converted to vector format for use with the , and converted to vector format for use with the GISGIS.  The accuracy of the.  The accuracy of the
classification was estimated using a hybrid approach of ground-classification was estimated using a hybrid approach of ground- truthing truthing and a visual examination of theand a visual examination of the
National Aerial Photography Program’s (NAPP) Color Infrared (CIR) aerial photography with a GSR of 1National Aerial Photography Program’s (NAPP) Color Infrared (CIR) aerial photography with a GSR of 1
m.  Remotely sensed impervious, vegetated, and open surfaces are being used in empirical relationships tom.  Remotely sensed impervious, vegetated, and open surfaces are being used in empirical relationships to
predict risks to and impacts upon the receiving estuary.predict risks to and impacts upon the receiving estuary.
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INTRODUCTIONINTRODUCTION

Objectives:Objectives:
(1)  To develop a three class (impervious, vegetated, open) (1)  To develop a three class (impervious, vegetated, open) landcover landcover classification of classification of MurrellsMurrells Inlet Inlet
that will assist in quantifying the effects of urbanization on the estuarine ecosystemthat will assist in quantifying the effects of urbanization on the estuarine ecosystem
(2)  To calculate the percent impervious, vegetated, and open surface in the upland surrounding the(2)  To calculate the percent impervious, vegetated, and open surface in the upland surrounding the
MurrellsMurrells  Inlet estuary Inlet estuary

Definition of three classesDefinition of three classes
(1)  Impervious surface - concrete, roads, and rooftops(1)  Impervious surface - concrete, roads, and rooftops
(2)  Vegetation - coniferous and non-coniferous(2)  Vegetation - coniferous and non-coniferous
(3)  Open areas - open fields, pastures, highway medians, and grass lawns(3)  Open areas - open fields, pastures, highway medians, and grass lawns

METHODSMETHODS

Two 14-channel ATLAS (Table I) images (a coastal and an inland image are displayedTwo 14-channel ATLAS (Table I) images (a coastal and an inland image are displayed
together in Figure 1) were used to classify the together in Figure 1) were used to classify the Murrells Murrells Inlet upland.  These images were acquired onInlet upland.  These images were acquired on
7 October 1997 at 16:44 to 17:06 GMT at an altitude of 5000 feet (ft) (1524 meters (m)) with a GSR7 October 1997 at 16:44 to 17:06 GMT at an altitude of 5000 feet (ft) (1524 meters (m)) with a GSR
of 3 m.  These data were registered, transformed, classified, assessed for classification accuracyof 3 m.  These data were registered, transformed, classified, assessed for classification accuracy
(Figure 2).(Figure 2).
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We estimated total upland impervious surface inWe estimated total upland impervious surface in  Murrells Murrells Inlet, SC at 24 - 27 %.  This compares to Inlet, SC at 24 - 27 %.  This compares to
significant impacts on water quality in adjacent estuaries for landscapes (ecosystems) with 30 - 35 %significant impacts on water quality in adjacent estuaries for landscapes (ecosystems) with 30 - 35 %
impervious surface (Arnold and Gibbons, 1996;impervious surface (Arnold and Gibbons, 1996; Lerberg Lerberg, 1997).  Higher levels of impervious surface near, 1997).  Higher levels of impervious surface near
riparian margins cause increased movement of chemical and microbial contaminants into the estuary (Arnoldriparian margins cause increased movement of chemical and microbial contaminants into the estuary (Arnold
and Gibbons, 1996).  Studies are underway at our laboratory and others to quantify the relationship betweenand Gibbons, 1996).  Studies are underway at our laboratory and others to quantify the relationship between
location and extent of impervious surface and impacts on the overall health of the estuary by using circularlocation and extent of impervious surface and impacts on the overall health of the estuary by using circular
buffers, wetland buffers, andbuffers, wetland buffers, and  thiessien thiessien polygons of sample sites (Figure 4). polygons of sample sites (Figure 4).

Vegetated land cover reduces storm water runoff by depleting soil water, improving infiltration throughVegetated land cover reduces storm water runoff by depleting soil water, improving infiltration through
root pores and increasing surface roughness (Ward and Elliot, 1995).  Figure 2 shows reduced uplandroot pores and increasing surface roughness (Ward and Elliot, 1995).  Figure 2 shows reduced upland
vegetation near riparian margins where effects on runoff are greatest (vegetation near riparian margins where effects on runoff are greatest ( PeterjohnPeterjohn and and Correll Correll, 1984).  Protection, 1984).  Protection
of vegetation by use of setbacks and buffers may maintain estuarine water quality in future developments;of vegetation by use of setbacks and buffers may maintain estuarine water quality in future developments;
although, these management tools will be limited in already developed areas likealthough, these management tools will be limited in already developed areas like Murrells Murrells Inlet. Inlet.

Our overall classification accuracy and RMS error for both images were about 90 % and 30 m,Our overall classification accuracy and RMS error for both images were about 90 % and 30 m,
respectively (Table III).  Individual land cover classrespectively (Table III).  Individual land cover class accuracies accuracies ranged from 86-100 % (Table III).  The ranged from 86-100 % (Table III).  The
classification could be improved by coupling the two images.  Also, PCA could be conducted on visible, nearclassification could be improved by coupling the two images.  Also, PCA could be conducted on visible, near
infrared, middle infrared, and thermal infrared bands separately, then the individual components could beinfrared, middle infrared, and thermal infrared bands separately, then the individual components could be
combined.  In addition, the development of Yang’s (1997) generalizedcombined.  In addition, the development of Yang’s (1997) generalized multisurface multisurface kernel rectification for kernel rectification for
ATLAS data would improve the geometric integrity of the imagery (ATLAS data would improve the geometric integrity of the imagery (SchillSchill , personal communication) as well as, personal communication) as well as
a continuous piecewise geometric rectification suggested bya continuous piecewise geometric rectification suggested by  Minhe Minhe (2000). (2000).

We are developing empirical relationships, i.e., statistical models, of easily measured land use/land cover,We are developing empirical relationships, i.e., statistical models, of easily measured land use/land cover,
water, and sediment quality parameters of risk related to habitat changes and contamination.  User-friendlywater, and sediment quality parameters of risk related to habitat changes and contamination.  User-friendly
means of estimating impervious and vegetated surfaces will be employed to improve existing models of risks tomeans of estimating impervious and vegetated surfaces will be employed to improve existing models of risks to
estuarine organisms.  These models are provided to natural resource managers and developers to testestuarine organisms.  These models are provided to natural resource managers and developers to test
alternative approaches and to minimize effects of urbanization on estuarine functionality.alternative approaches and to minimize effects of urbanization on estuarine functionality.
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Table II. Bar Graph Spectral Plot of Landcover Types showing separation of
Impervious surface and vegetation in the Thermal Infrared range (channels 10-15).

SPECTRAL

Spectral Range 0.45 - 12.2 µm

# of Channels 14

Channel

Radiometric

Sensitivity

(
2

m W / c m / sr / µ m )

SNR*

Spectral Coverage

Ch. 1: 0.45-0.52 µm

Ch. 2: 0.52-0.60 µm

Ch. 3: 0.60-0.63 µm

Ch. 4: 0.63-0.69 µm

Ch. 5: 0.69-0.76 µm

Ch. 6: 0.76-0.90 µm

Ch. 7: 1.55-1.75 µm

Ch. 8: 2.08-2.35 µm

Ch. 9: Removed

Ch. 10: 8.20 – 8.60 µm

Ch. 11: 8.60 – 9.0 µm

Ch. 12: 9.0 – 9.4 µm

Ch. 13: 9.6 – 10.2 µm

Ch. 14: 10.2 – 11.2 µm

Ch. 15: 11.2 – 12.2 µm

0.034

0.036

0.027

0.032

0.037

0.035

0.037

0.026

-

0.123

0.128

0.143

0.099

0.132

0.335

89

261

179

419

488

369

45

84

-

162

156

140

202

151

60

SPATIAL

Field of View (FOV) 72°

Instantaneous Field of View

(IFOV)

2.0 mrads

Pixels/Lines 640 ground scene plus 3 calibration source pixels

Scan Speed 6-50 scans per second

Ground Spatial Resolution 3.0 m

* Signal to Noise Ratio (SNR) measurements using a 4” integrating sphere spectral radiance calibration

curve; NE? T in °C for the thermal channels.

Table I.  System Specifications of the

NASA Airborne Terrestrial Applications Sensor (ATLAS)

Register Images

•Select Ground Control Points From Digital Ortho Quarter Quads
• Perform Image-To-Image Rectification using:

•Triangulation Warping
•Nearest Neighbor Resampling

Bar Graph Spectral Plots

• Generated To Display Mean Brightness Values ± Standard
Deviation Of Each Class (Table II)

Transform Data Using Principal Components Analysis (PCA)

• Calculate Factor Loadings For Each Component
• Estimate Which Bands Comprise Each Component

• Mask Areas To Be Classified, Leaving Out Water, Marsh, and
Edges Of The Image
• Classify Masked Areas Into Subclasses Based On Regions of
Interest
• Smooth Data Using A Low Pass Convolution Kernel

Classify PCA Imagery Using Parallelepiped Classifier

Convert Raster Data to Vector Data

• Convert Classified ERDAS IMAGINE Files To ARCVIEW Shapefiles
• Merge Subclasses Into 3 Major Land Cover Classes:

•Impervious Surfaces
•Vegetation
•Open Areas

• Clip Areas With More Than One Assigned Land Cover Class

Assess Accuracy of Classification

• Generate 50 Random Points Within Each Major Class
• Determine The Land Cover Class Of Each Point
• Calculate Classification Accuracy (Table III)

Figure 2.  Methods used

Coastal Inland
Overall Accuracy 90% 91%

Producer's Accuracy (omission error)
Impervious 86 % (14 %) 94 % (6 %)
Vegetation 100 % (0 %) 92 % (8 %)
Open Land 84 % (16 %) 88 % (12 %)

User's Accuracy (commission error)
Impervious 86 % (14 %) 94 % (6 %)
Vegetation 102 % (0 %) 90 % (10 %)
Open Land 86 % (14 %) 90 % (10 %)

Khat 85% 87%

Table III.  Accuracy assessment
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Figure 4.  Circular buffers and thiessien polygons of sample sites and critical line buffers  in Murrells Inlet, SC.  These
parameters were constructed with the aid of GIS to quantify urban impacts on the estuarine system.

Figure 3.  Murrells  Inlet ATLAS landcover classification displayed on a 1994 NAPP CIR. 

Figure 1.  Murrells Inlet coastal and inland ATLAS scenes, displaying band 15


